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How do the magic numbers change when going away from stability?
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Frontiers and challenges of nuclear shell model
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β-NMR study discovered the 1/2(+) ground state
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Many experiments using differents techniques have

been used to explore the Island of Inversion, e.g.:

β-decay experiments yielded first information

about γ-ray multipolarities and lifetimes

β-NMR study discovered the 1/2(+) ground state

proton-knockout showed J = 3/2 spin for the

first two excited states

Coulomb excitation gave further information about

transition strengths
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single-particle states in a Woods-Saxon potential.
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radioactive ion beam impinges on target

with deuterons (deuterated poly-ethylene)

30Mg 31Mg

γ

EProton
ϕ,ϑProton

ϑEjectile ≈ 0°

Deuteron

30Mg 31Mg

Proton

γ

Eγ
ϕ,ϑγ

excitation energies

⇒ single particle energies

comparing with DWBA calculations

(FRESCO code)

particle angular distributions

⇒ orbital momenta l
cross sections

(⇒ transfer cross section scaling

factors S)

differences in inverse kinematics:

lower beam intensities (typical 104−6 instead of 1010−12 particles/s)

thicker target necessary ⇒ higher energy losses in target

lower Ecm ⇒ no extraction of spectroscopic factors possible

∆E∗ = 1MeV ⇒ ∆Elab(p) @ 180°≈ 300 keV

Elab(p) @ 180°can be very low (500 keV)
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beam energy: 2.86 MeV/u = 85.8 MeV
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Second beamline
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1.4 GeV proton
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3×10
13

 p / 2 µ
every 1.2 (2.4 s) 

1+ beams
(60 keV)

~ 600 isotopes available

q
+
 beams

with A/q < 4.5

9-Gap

Electronics

and DAQ

GPS

fragmentation/fission/spallation of UCx-target by 1.4 GeV protons

ionisation by Resonance Ionization Laser Ion Source (RILIS)

mass-separation in General Purpose Separator (GPS)
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ISOLDE
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60 keV

HV platform

60 kV

PENNING

TRAP

HV platform

20-60 kV

EBIS

A/q<4.5

RFQ

5 keV/u

Re-
buncher

300 keV/u 1.1-1.2 MeV/u

IH -

structure

7-gap resonators

2.2 MeV/u

MINIBALL and
other target

stations

Separator

=
∆(q/A)      1

(q/A)     100

25 m

9-gap

resonator

3.0 MeV/uWITCH
experiment

collecting, cooling and bunching of 60 keV 1
+ ions in REX-TRAP

charge breeding in EBIS to A/q < 4.5
A/q separation

acceleration to < 3 MeV/u

upgrade to HIE-ISOLDE: up to 5.5 MeV/u (2013) and 10 MeV/u later
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∆Ω: 56 %
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barrel silicon detector stacks:

∆E: 140 µm position sensitive re-

sistive strip detectors

E: 1 mm pad detectors

ϑlab: 28–78, 102–152°

∆ϑ ≈ 2–6°

∆Ω: 56 %

CD silicon detector stacks:

forward ∆E - E: 500/1500 µm

backward ∆E - E: 140/500 µm

ϑlab: 8–28, 152–172°

∆ϑ ≈ 2°

∆Ω: 10 %

⇒∆Ωtot = 66%

Miniball γ-spectrometer:

24 6-fold segmented HPGe crystals in 8 triple cluster

εph(1332 keV) = 5.0(3)% (with addback)
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⇒ 6.5(12)× 104 30Mg/s



γ-Spectrum from d (30Mg, p) 31Mg

16 / 21

Cut on coincident protons, Doppler corrected with ϑ(31Mg) = 0°
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221 keV state: ∆l = 1 with S∆l=1 = 0.04–0.08
∆l = 0, 2, 3 do not reproduce shape of angular distribution

⇒for the first time measurement of the negative parity of the 221 keV

state
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221 keV state: ∆l = 1 with S∆l=1 = 0.04–0.08
∆l = 0, 2, 3 do not reproduce shape of angular distribution

⇒for the first time measurement of the negative parity of the 221 keV

state

all protons from transfer reactions with ∆l = 1 contribution fixed:

S∆l=0/S∆l=1 = 4.1(9)
S∆l=2/S∆l=1 = 5.0(18)
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Neutron one-particle levels in Woods-Saxon potential
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⇒ large transfer cross section
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50 keV state: 3/2+ directly from 1d3/2+

⇒ large transfer cross section

221 keV state:

β ≈ 0.5: no contribution from 2p3/2−

β ≈ −0.3: some contribution from 2p3/2−

ground state of 30Mg has contributions from

oblate as well as prolate deformations

two different effects can explain the lower observed cross section for the second excited state

smaller contribution from 2p3/2 to 3/2−[321] Nilsson orbital

smaller contribution to oblate configurations in ground state of 30Mg



Summary

Outline

Island of Inversion

Transfer Reactions

T-REX @ REX-ISOLDE

d (30Mg, p) 31Mg

Summary

Summary

Summary & Outlook

MINIBALL REX-ISOLDE

Collaboration

19 / 21



Summary

20 / 21

transfer reactions are an excellent tool to study single particle properties,

inverse kinematics pose some challenges

+ 230(20) ms

+ 16(3)  ns

133(8)  ps



Summary

20 / 21

transfer reactions are an excellent tool to study single particle properties,

inverse kinematics pose some challenges

d (30Mg, p) 31Mg was the first one neutron transfer experiment with T-REX at REX-

ISOLDE

+ 230(20) ms

+ 16(3)  ns

133(8)  ps



Summary

20 / 21

transfer reactions are an excellent tool to study single particle properties,

inverse kinematics pose some challenges

d (30Mg, p) 31Mg was the first one neutron transfer experiment with T-REX at REX-

ISOLDE

identified the second excited state in 31Mg at 221 keV for the first time as l = 1

+ 230(20) ms

+ 16(3)  ns

133(8)  ps



Summary

20 / 21

transfer reactions are an excellent tool to study single particle properties,

inverse kinematics pose some challenges

d (30Mg, p) 31Mg was the first one neutron transfer experiment with T-REX at REX-

ISOLDE

identified the second excited state in 31Mg at 221 keV for the first time as l = 1

ratio between transfer cross section scaling factors implicates oblate deformation

for the second excited state while the ground and first excited state are prolate

deformed
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11Be: (d,t), (d,d) and (d,p), 2009/10, J. Johanson et al. (Aarhus Universitet, Denmark)

d(66Ni,67Ni)p: N = 40 subshell closure, 2009, J. Diriken et al. (KU Leuven, Belgium)

d(78Zn,79Zn)p: N = 50 shell gap near 78Ni, 2010, R. Orlandi et al. (University of Madrid)
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d(28Na,29Na)p: neutron-rich Na, 201x, Th. Kröll et al. (TU Darmstadt, Germany)
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a future 0°-spectrometer (EMMA type) would allow direct measurement of the nuclei of interest
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CERN approved upgrade to HIE-ISOLDE:

higher beam energies will be available ⇒ transfer reactions with higher masses possible

a future 0°-spectrometer (EMMA type) would allow direct measurement of the nuclei of interest

d(30Mg,31Mg)p data:

check effect of particle-γ correlation

use ADWA instead of DWBA
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